Objective: Experimental evidence indicates that prolactin might play a role in tumorigenesis of several human cancers, but data on cancer risk in hyperprolactinemia patients are sparse. The aim of this study was to investigate cancer risk in hyperprolactinemia patients. Design: A population-based matched cohort study in Sweden. Methods: The hyperprolactinemia cohort consisted of patients hospitalized for hyperprolactinemia from 1987 to 1995 identified in the National Patient Register (nZ585) and a hospital cohort of prolactinoma patients at Karolinska University Hospital (nZ384). For each patient, ten matched individuals were identified via the Register of Population. Cancer occurrence was ascertained via the Swedish Cancer Registry. Hazard ratios (HRs) were estimated by Cox proportional hazards regression. Results: Seventy-three malignant tumors were identified in the hyperprolactinemia patients and 660 tumors in the comparison group (HR 1.31; 95% confidence interval (CI): 1.02-1.68), mainly attributed to an increased risk of upper gastrointestinal cancer in both males and females (HR 3.69; 95% CI: 1.70-8.03) and hematopoietic cancer in females (HR 3.51; 95% CI: 1.06-11.6). Twelve breast cancers occurred in the female patients, corresponding to an HR of 1.09 (95% CI: 0.60-1.99). Prostate cancer risk in hyperprolactinemia men was reduced (HR 0.40; 95% CI: 0.16-0.99). Conclusions: An increased overall cancer risk was found in hyperprolactinemia patients, but no increased risk of breast cancer in women and a reduced risk of prostate cancer in men. These findings warrant further investigations and to be confirmed in larger studies but may indicate the importance of an active treatment strategy and follow-up of hyperprolactinemia patients.
Introduction
Prolactin (PRL) is mainly secreted from the lactotroph cells in the anterior pituitary, but is also produced in extrapituitary sites, including the mammary gland, placenta, uterus, prostate, brain and in the immune cells where it may act as an autocrine or paracrine factor (1) . Hyperprolactinemia is a common finding in clinical endocrinology and prolactinomas are the most common type of pituitary tumor (2) . The first-line treatment of hyperprolactinemia is dopamine agonists, which are highly effective in normalizing PRL levels and reducing tumor size (3) . Nevertheless, patients with hyperprolactinemia might be exposed to high levels of PRL for several years because of a delay in diagnosis (4), or in a few cases, treatment failure.
Experimental studies have reported that PRL induces proliferation of breast cancer cells in vitro and enhances growth of mammary carcinoma in rodents and may act as an autocrine or paracrine factor within mammary tissue (5, 6) . Furthermore, several case reports of breast carcinomas in women and men with prolactinomas have been reported (7) (8) (9) raising the issue of whether high PRL levels are associated with an increased risk of breast cancer. Some observational studies have supported such an association (10, 11) , however, these studies evaluated the risk of breast cancer associated with PRL levels within the normal range (top versus bottom quartile range). In a recent study of patients with treated hyperprolactinemia no increased breast cancer risk was found (12) .
Other tumor types may also be affected by PRL. For instance, experimental data have indicated that PRL stimulates prostate cell proliferation and regulates prostate growth and thus may theoretically affect carcinogenesis in the prostate (13, 14) . However, the role of PRL in human prostate pathology is not clarified and epidemiological data on PRL and risk of prostate cancer is sparse (15, 16) . Furthermore, it has been suggested that locally produced PRL could play a role in tumor development in gynecological (17) , colorectal (18) , tongue (19) , and hematopoietic cancer (20, 21) .
According to current treatment guidelines, patients with asymptomatic non-tumoral hyperprolactinemia may be left untreated in postmenopausal women or if fertility is not an issue (3). We however, lack long-term follow-up data on the potential risks associated with elevated PRL levels. In this study, we therefore assessed the overall relative risk of cancer and risk of some specific a priori specified cancer forms in a cohort of 969 women and men with hyperprolactinemia.
Materials and methods

Settings
All Swedish residents alive in 1947 onwards have been assigned a ten-digit personal identity number, a unique personal identifier referred to in all medical records and official registers (22) . Through the use of the personal identity number, it is possible to link information between different databases.
In 1964, the Swedish National Board of Health and Welfare started collecting data on hospital discharge diagnoses in the National Patient Register, and since 1987, the register has complete national coverage. The Swedish Cancer Register was established in 1958 and obtains mandatory reported data from both clinicians and pathologists on all newly diagnosed malignant neoplasms. Information on the site and histopathological features of the tumors is recorded. The Cancer Registry is estimated to be more than 95% complete (23) . Finally, the Register of Population, kept by Statistics Sweden, contains the official Swedish population data, including dates of death and migration. Such population data have been available since 1960.
The cohorts
Hospital cohort We identified all patients, both men and women (nZ384), diagnosed with a prolactinoma between 1974 and 2005 at the Department of Endocrinology, Metabolism and Diabetology, Karolinska University Hospital, Sweden using the clinic's own register of diagnosis. This diagnosis registry was complete from 1993 and thus comprises incident cases (Hospital cohort A) from 1993 onwards (nZ236) and prevalent and incident cases (Hospital cohort B) diagnosed between 1974 and 1992 (nZ148). We reviewed all medical records of patients with hyperprolactinemia. The patients were included if they met the following criteria: elevated PRL levels and a visible pituitary adenoma at radiological examination corresponding with a prolactinoma. Patients with nontumoral or secondary hyperprolactinemia were excluded. In addition, two patients with malignant prolactinomas were excluded. Sixty-nine percent of the patients had a microadenoma (maximal tumor diameter !10 mm) at diagnosis and the remaining patients a macroadenoma (R10 mm). Median PRL levels at diagnosis were 87 (interquartile range (IQR) 59-130) mg/l in microprolactinomas and 1000 (IQR 400-2911) mg/l in macroprolactinomas. A majority of the patients (88%) had a normalized PRL level at follow-up. The healthcare system in Sweden is almost entirely financed by taxes and therefore the patient population is regarded as unselected. However, being a specialized clinic might potentially lead to enrolment of patients with higher PRL levels and larger tumors.
Register cohort We used the National Patient Register to identify all patients with a main or secondary diagnosis of hyperprolactinemia using the ninth revision of the International Classification of Diseases (ICD) (ICD-9: code 253.1) from 1987 to 1995. Before 1987, it was not possible to exclusively identify patients with hyperprolactinemia via the use of ICD-8, and after 1995, we assumed that the majority of prolactinoma patients were diagnosed as outpatients. In total, 682 individuals fulfilled these criteria. We excluded 66 patients who were already included in the Hospital cohort and 31 patients with a concomitant diagnosis of acromegaly (ICD-9: 253.0), leaving a final sample of 585 individuals for the analysis.
Comparison cohort For each patient with hyperprolactinemia, we used the Register of Population to identify ten individuals (comparison subjects), matched by sex, birth year and county of residence. The comparison subjects were alive on January 1, in the year of diagnosis of the corresponding case. Seventy-two comparison subjects were unidentifiable or died between the date of selection and start of follow-up and were therefore omitted from the study, leaving 9618 comparison subjects for the analysis.
Follow-up In this matched cohort study, we have the exposed individuals (those who have hyperprolactinemia) which we will refer to as patients and the unexposed individuals which we will refer to as comparison subjects. By linking data to the Swedish Cancer Register, we ascertained all malignant tumors in patients and comparison subjects. At the time of linkage, Cancer Register data were available through 2007. The follow-up was started at the date of hyperprolactinemia diagnosis in the National Patient Register or the year of prolactinoma diagnosis in the Hospital cohort A. Patients who were likely to be prevalent (Hospital cohort B) entered follow-up on January 1, 1993 because potential cohort subjects that died before that date could have been missed, which would introduce selection on survival. The date of entry for comparison subjects was matched with the date of entry for the respective index case. Follow-up continued until death, cancer diagnosis or December 31, 2007, whichever occurred first. When we calculated risk for all cancers, the diagnosis of first cancer or death was used as the individual endpoint of follow-up. When analyzing specified cancer forms, the follow-up ended at diagnosis of that specific cancer or death. The study was approved by the Stockholm Regional Ethics Review Board.
Statistical analysis
Although our cohort is large relative to other cohorts of prolactinoma patients, we lacked statistical power to detect nothing more than a strongly increased risk of cancer, especially for the less common tumor types. Therefore, we narrowed down the number of hypothesis tests to a minimum, focusing instead on common tumor types and groups of tumors. The risk of cancer in the patient group was compared with that of the comparison subjects by Cox proportional hazards regression. When assessing overall cancer risk, the population was restricted to persons without a cancer diagnosis before the start of follow-up. When studying specific cancer forms, the population was restricted to persons without a history of cancer for that specific form. The time scale for the analysis is time since entry into the respective cohorts. The analysis is conditioned according to the matching variables, implying control for attained age, calendar time, and region. Results are presented as hazard ratios (HRs) with 95% confidence intervals (CIs) for the relative risk of the different cancer types. When presenting age at diagnosis and duration of follow-up mean (GS.D.) was used. All analyses were performed by SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA).
Results
Characteristics of the hyperprolactinemia patients are described in Table 1 . A majority of the patients were females (69%). The mean age at first recorded diagnosis of hyperprolactinemia in all patients was 40.8 (G16.4) years. On average, the 969 patients with hyperprolactinemia were followed for 13.2 (G5.3) years and the 9618 comparison subjects for 13.9 (G4.9) years, yielding 12 822 and 134 099 accumulated personyears of follow-up respectively.
Before the diagnosis of hyperprolactinemia, 40 cases of cancer were observed in the patients and 191 cases in the comparison subjects: the numbers and types of malignant tumor are given in Table 2 . In particular, cancer of the cervix and the upper gastrointestinal (GI) system were more prevalent in the hyperprolactinemia patients than in the comparison population.
During follow-up, we identified 73 malignant tumors in the patients and 660 tumors in the comparison subjects in the Cancer Registry (Table 3) , corresponding to an overall HR of 1.31 (95% CI: 1.02-1.68), which was mainly attributable to an increased tumor risk in females (P for homogeneity between sexes, 0.020). Twelve patients with breast cancer were identified during follow-up in female patients (HR 1.09; 95% CI: 0.60-1.99) and none in male patients. Five prostate cancers were diagnosed in the patients during followup, which can be compared with 136 cases in the comparison subjects, corresponding to a HR of prostate cancer of 0.40 (95% CI: 0.16-0.99). A significantly increased risk of upper GI cancer (HR 3.69; 95% CI: 1.70-8.03) was found in the hyperprolactinemia population, as well as when women and men were analyzed separately (Table 3 ). In the patient cohort, five of nine patients had head and neck cancers, whereas in the comparison subjects 11 of 27 cases were head and neck tumors. Furthermore, increased risk of hematopoietic cancer was found in women (HR 3.51; 95% CI: 1.06-11.6). Four of five (80%) hematopoietic cancers were non-Hodgkin lymphomas (NHL) in the patients, whereas 14 of 42 (33%) were NHL in the comparison subjects. Exclusion of the 1st year of follow-up did not substantially change the estimates. We also analyzed the relative risk of cancer in the hospital cohort and register cohort separately, where the overall cancer risk remained significantly increased only in the register cohort (Table 3 ). In the smaller hospital-based cohort the increased risk of upper GI cancer in men remained, though with low precision (HR 9.74; 95% CI: 1.37-69.2).
Discussion
We found a small, but significant, increase in overall cancer risk in hyperprolactinemia patients after diagnosis compared with matched individuals from the general population. This overall increased risk of cancer in hyperprolactinemia patients was mainly attributed to an increased risk of upper GI and hematopoietic cancer. To the best of our knowledge, so far, only one cohort study has evaluated the overall cancer risk in prolactinoma patients (24) , where no increased risk of neoplasia was observed. However, that study consisted of a small number of patients (nZ98) and average follow-up was only 3.6 years. The strengths of our study are the relatively large sample size and the extended follow-up time.
Information was retrieved from the Swedish Cancer Registry, which covers the whole country and provides complete and high-quality population-based data (23) . In this study, the patient cohort was partly made up of a well-characterized hospital cohort recruited from a specific catchment area. To increase the number of patients we also identified patients via the National Patient Register. A potential concern with reference to the latter group is the specificity of the hyperprolactinemia diagnosis. Acromegaly has been associated with increased risk of colorectal adenomas and cancer and also possibly other neoplasms (25) . Approximately, onethird of the patients with acromegaly have elevated PRL levels (26), we therefore excluded patients with a concomitant diagnosis of acromegaly. Furthermore, one potential bias might be that hyperprolactinemia patients are subjected to regular clinical follow-up, a fact that may have resulted in earlier tumor diagnosis, at least in some cases, compared with controls. In addition, patients hospitalized for hyperprolactinemia may have other comorbidities or exposures increasing the risk of cancer. Apart from the matching variables, we were not able to adjust for other factors associated with risk of cancer, such as smoking, alcohol consumption, or body mass index. In addition, we cannot exclude the effect of any unmeasured potential confounding factors. Finally, although our study is one of the largest to date evaluating risk of cancer in hyperprolactinemia patients, the sample size provides only limited statistical power to detect rare outcomes, such as cancer. The concerns regarding hyperprolactinemia and cancer risk in humans have so far mainly been attributed to the possible tumor growth-promoting activity of PRL on breast and prostate tissue (27) . In this study, however, we did not find any increased risk of breast cancer, an observation in agreement with a recent study by Dekkers et al. (12) who found that the relative risk of breast cancer in 1342 patients with treated hyperprolactinemia was 1.07 (95% CI: 0.50-2.03). Nevertheless, it is prudent to consider that the number of breast cancer cases in our study is low and our data alone does not preclude an increased risk of breast cancer. Moreover, it could be speculated that PRL stimulates growth of breast neoplasia, but suppresses tumorigenesis through a reduction in estrogen, which is a well-established risk factor of breast cancer (28) . Furthermore, due to the limited set of variables recorded in the in-patient register, we were not able to adjust for potential confounders regarding breast cancer risk such as family history, estrogen treatment, reproductive history, and body mass index.
In in vitro and animal studies, PRL has been shown to stimulate proliferation of prostate cells (13, 29) and to stimulate growth of the prostate (14) . Furthermore, transgenic mice overexpressing the PRL gene, develop prostate hyperplasia (30) ; however, the generalizability to humans is unclear. In a prospective case-control study, PRL levels were measured in 144 men with prostate cancer and 289 male controls, where no association was found between PRL levels and prostate cancer (16) . Furthermore, the effect of hyperprolactinemia on human prostate was evaluated in 20 men with prolactinomas, demonstrating a reduced prostate size compared with controls (31) . The authors speculate that this finding is probably due to reduced testosterone and dihydrotestosterone levels found in the prolactinoma patients (31) . This study is the first to report a reduced risk of prostate cancer in hyperprolactinemia patients. Elevated PRL levels to hypogonadism by interfering with pulsatile GNRH release (32) . The reduced risk of prostate cancer in our cohort might therefore, in addition to chance variation, be attributed to a history of low androgen exposure (33) . Androgen status is regularly followed in male patients with hyperprolactinemia and if testosterone levels do not normalize, androgen replacement therapy might be introduced. In such cases prostate-specific antigen levels may be followed regularly, potentially resulting in increased detection of early prostate cancer (34) . Such vigilance would bias the estimates toward a higher incidence of prostate cancer in the patient cohort and thus would not explain our finding of a reduced risk.
We found an increased risk of upper GI cancer in the entire cohort but also in women and men in the stratified analysis. The cancers in the hyperprolactinemia patients mainly constituted of head and neck cancers, whereas in the comparison group a majority of the patients had cancer in the esophagus or stomach. Even before the hyperprolactinemia diagnosis, there were more hyperprolactinemic patients than expected with upper GI cancer, and again, with a preponderance for head and neck cancers. This finding is both unexpected and intriguing and the mechanism is obscure and should thus be interpreted with extra caution. Bhatavdekar et al. (19) demonstrated that patients with advanced tongue cancer had higher PRL levels compared with controls and that PRL in a multivariate analysis was an independent prognostic risk factor of survival, indicating that PRL is produced by the tumors and might act as a local growth promoter. We lack information on major risk factors for head and neck cancer, such as smoking and alcohol (35) , to explore this association further. However, we found a slightly reduced lung cancer risk in the entire patient cohort, indicating no excess smoking, if anything, the contrary is true.
Another intriguing finding was the elevated risk for hematopoietic cancer observed in women, although it is important to note the low number of cases and wide CIs. PRL has been recognized to be important in the maturation and functional maintenance of the immune system (36) . PRL receptors are expressed by virtually all subtypes of immune cells, whereas PRL is produced mainly by lymphocytes (37) . Experimental data indicate that PRL promotes lymphocyte proliferation (38) and has anti-apoptotic effects on lymphoid cells (39) . In addition, human cell lines of B-lymphoblastoid cells (40) and NHL cells (41) produce PRL. Furthermore, elevated serum PRL levels have been observed in patients with acute myeloid leukemia (20) and in advanced multiple myeloma, where PRL concentrations increased during disease progression (21) . If the increased risk of hematopoietic cancers observed in the hyperprolactinemia women is by chance or is to some extent due to a stimulatory effect of PRL remains elusive.
The relevance of PRL and cancer risk in patients receiving antipsychotics is unclear. There are reports of an increased breast cancer risk in dopamine antagonist treated patients (42); however, there are contradictory findings (43) . The vast majority of hyperprolactinemia patients are treated with dopamine agonists. Little is known about the potential influence of dopamine agonist treatment and cancer risk. However, in patients with Parkinson's disease, often treated with high doses of dopamine agonists, a recent meta-analysis evaluating cancer risk in these patients, showed significantly reduced cancer risk ratios (44) .
In conclusion, this study is the first of its kind to indicate that hyperprolactinemia patients have a small increased overall cancer risk compared with a comparison group. This increased cancer risk was mainly attributed to augmented risk of upper GI and hematopoietic cancers. We found no increased risk of breast cancer in women and a reduced risk of prostate cancer in men. Although this is one of the largest hyperprolactinemia cohorts to date, low numbers of cancer cases preclude definitive conclusions and therefore our results need to be confirmed by larger studies. Still, our findings suggest that further investigations into the potential association between PRL and different cancer forms are warranted. In addition, these findings may stress the importance of an active treatment strategy and close follow-up of hyperprolactinemia patients.
Declaration of interest
